Objective: To determine the prevalence of the metabolic syndrome (MES) in a school children population.
Introduction
The prevalence of childhood overweight and obesity has increased worldwide, reaching epidemic proportions and becoming a serious public health problem. The increases in BMI during childhood may be related to the development and acceleration of adverse cardiometabolic risk factors, such as hypertension, dyslipidemia (high TG and low highdensity lipoprotein (HDL) cholesterol), hyperinsulinemia and glucose intolerance, known as MES [1] . The increasing obesity prevalence in childhood and adolescence has increased the prevalence of MES. The criteria for the diagnosis of MES are described by the United States of America (USA) "National Cholesterol Education Program (NCEP)-Adult Treatment Panel (ATP) III" and World Health Organization (WHO) [2, 3] . These two organisations describe obesity, dyslipidemia, hypertension, fasting blood glucose, however some personal references value differences are present. The diagnosis of MES in children is not clear, usually the NCEP-ATP III and WHO criteria are needed for a diagnosis and for the adjustment of abnormal values in children. The IDF criteria modified for age and gender in children have been used in this study for the diagnosis of MES [4] . In clinical studies the prevalence of this disease among children was found to be approximately 3-4%, however it is not completely clear because of the application of different criteria for the definition of MES. This percentage is quite low compared to adults. The Bogalusa Heart Study is the first study conducted on MES in children [5] . Therefore, this study aimed to determine the prevalence of MES and its individual components in a sample of Mardin school students, and to identify clinical or biochemical characteristics associated with MES in children.
Materials and Methods
This is a descriptive study. There were 4030 students in three schools. 3460 (1667 female, 1793 male) volunteer children in the 6-15 years age group were surveyed for the study, which was carried out in the city center of Mardin in the southeastern region of Turkey. 86% of the targeted participants were reached. The data were collected in April and May 2011.
Anthropometric measurements
Weight, height and WC were measured according to standardized procedures [6] . All measurements were taken while their summer uniforms on (only coat without jacket) and shoes off. The weight was measured using an electronic scale to the nearest 0.1 kg, and the height was measured using a flexible tape to the nearest 0.1 cm. With the head in the Frankfort horizontal plane; WC was measured using a flexible elastic measuring tape at the umbilical level. Hip circumference was measured using a flexible elastic measuring tape at the widest portion of the buttocks. Age was calculated in decimal units based on the date of the survey relative to birth date. BMI was calculated with reference to measured height and weight and was evaluated using the WHO normative data for age and gender [7] . A BMI value exceeding ≥95 th percentile was defined as obese, a BMI value 85-95 th percentile as overweight. BP was obtained on the right arm with the patient seated, after rest, using a non-digital sphygmomanometer and appropriate sized cuff. After three measurements, the lowest BP value was chosen. Children were classified according to sex, height and age-specific charts [8] . Abdominal obesity was defined using the sex and age-specific 90 th WC percentile [9] . Ethical approval was given by the Mardin Artuklu University, Mardin Educational and Health Directorate Office.
Clinical and biochemical measures
Baseline blood samples were collected by venipuncture in the morning (8:00 to 9:00 am) after an overnight fast (10 to 12 hours). Both plasma and serum were separated by centrifugation. The glucose oxidase method was used to determine blood glucose levels. Serum lipids T-Chol, HDL cholesterol, LDL (low-density lipoprotein) cholesterol, TG were measured using the enzymatic colorimetric method.
Definition of MES
MES was defined according to the IDF criteria [4] . This definition was chosen since it is based on age and gender specific cut-offs and it has been used in several paediatric studies. 
Statistical analysis
Collected data were coded and digitized. The statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) statistical software and Microsoft Office Excel programs. According to the reference values, the categorical variables of children with MES were evaluated by the chi-square test, and metric measurement variables were compared using the independent samples t-test. A BMI Z-score is calculated as follows: (observed value) -(median reference value of a population) /standard deviation of reference population. The Pearson Product-Moment coefficient was used to determine difference between variables. p<0.05 was considered statistically significant.
Results
The female ratio of the study group was 48.2%, and 51.8% was male. The average age of the students was 10.78±2.11 years, their mean height was 141.4±14.5 cm, their average weight was 37.6±13.24 kg and their average BMI was 18.27±3.53 (min: 11.28-max: 42.08). According to their BMI values, the overweight frequency of the children was 9.42% (n=321), the obesity rate 8.0% (n=269) and 17.42% of the children were identified as overweight to varying degrees. A Z-score of-0.33 is equivalent to the .85-<.95 th centile value, and a z-score of-0.63 is equivalent to the >95 th centile value. The prevalence of obesity according to gender was found to be 9.1% (n=147) in girls and 6.9% (n=122) in boys. There was a statistically significant relationship between gender and prevalence of obesity. =0.579; p>0.05). MES in 1425 whole obese children were 2.3%. Overweight and obese children had higher rates of MES than non-over children. In obese 122 children, the rate of MES was 30.3% (Table 3) . Obesity is such an important value for the diagnosis of MES, because the rate of obesity is 89% in children with MES. Hypertension was present, HDL was in low levels in children with MES aged 10-16 years. IFG was present in 18% of obese children. Hypertriglyceridemia was found in 51% of girls and 63% of boys with MES. T-Chol was the second most common variety in this group. TG was high in all children with MES aged 10-16. 6-<10 years age group of children with MES were accompanied by 11% high TG, 3% low HDL, 3% IFG and 69% high BMI. A strong relationship was found between MES and obesity; and hypertension and hypertriglyceridemia (Table 4) . A positive correlation was found between BMI and the other parameters, namely waist and hip circumference, systolic and diastolic BP, TG (p=0.0001). There was no correlation between T-Chol, LDL cholesterol, HDL cholesterol, IFG (Tables 5, 6 ).
Discussion
BMI is most commonly used measure for monitoring the prevalence of owerweight and obesity. Lissau, in which they compared with the participation of 29242 boys and girls aged 13 and 15 years, the highest prevalences of overweight were found in the United States and the lowest in Lithuania [10] . Similarly, in Sur's study carried out on 1044 children in 12-13 age group in Istanbul, Ankara and Izmir provinces of Turkey Recently, obesity has increasingly become a growing problem. The Health Behaviour in School-Aged Children
Survey (HBSC) study shows that 24% of girls and 34% of boys in 13 years old children; and 31% of girls and 28% of boys in 15 years old children are overweight. Furthermore, obesity prevalence in ages 13 and 15 was found to be 5% in girls and 9% in boys [12] . Recently, the studies on this subject have become widespread in Turkey. Bundak et al. [13] indicated in their research that the percentage for 18 years old Turkish boys being overweight is 25% and the obesity rate is 4%. Also they indicated that in 14 years old Turkish girls, the percentage for being overweight was 15% and of obese was 1%. In Samsun in a survey of 4120 children the obesity rate was found to be 7.3% in girls and 4% in boys [14] . The prevalence rates of overweight and obesity in Van were 11.1% and 2.2%, respectively, and in Elazig 13.2% and 1.6%, respectively [15, 16] . In our study, the prevalence of overweight children was found in near eastern cities of Turkey. We consider that these high rates are associated with local eating habits and limited physical activity. In addition, it should not be forgotten that obesity has increased all over the world.
Giampietro's research, which consisted of 869 cases with an average age of 118±5 months, that children whose BMI values were found to be high and also have elevated systolic and diastolic BP rates [17] . 12265 cases between the ages of 2 and 17 took part in National Health and Nutrition Examination Survey (NHANES) III in the United States and 3611 children and adolescents took part in NHANES 1999-2000. Ford compared these two surveys and found that correlations between BMI percentiles and cardiovascular risk factors were similar in both studies. The strongest correlation is found between BMI and systolic BP; and between BMI and TG. The correlation between BMI and T-Chol was found to be rather weak [18] . Another study conducted by Sur indicated that BMI and T-Chol, LDL cholestherol, TG, LDL/HDL cholestherol were high and positively correlated for boys. And TG level was high, but HDL cholestherol level was low in obese girls [11] . Also, in our study a positive and strong correlation was found between BMI and WC, hip circumference, waist/ hip ratio, systolic BP, diastolic BP, TG. Our study was closely related to other studies, because the prevalence of obesity and overweight was nearly in the same range with the others. High BMI or increasing BMI over time was associated with pronounced increase in risk of both incidents of high BP and cardiovasculer risk factor. In this study, high triglyceride level was shown most frequently, and accompanied by both high T-Chol level and low HDL cholesterol level. This dyslipidemic view worries us as atherosclerosis begins in childhood and have several risk factors associated with future lives. Ultimately, our findings of high BMI, BP and TG levels lead us to the diagnosis of MES.
Despite the increasing number of studies conducted on MES in children, discussions continue about threshold values of the components for defining MES. So far, childhood disease researchers have used the ATP III and WHO criteria and they use values, which they acquire from their own groups for threshold values of measurements. In Cook's study conducted on the American population in NHANES III, 2430 adolescents between the ages of 12-19 were evaluated according to the ATP III criteria and the prevalence of MES was found to be 4.2% (6.1% in boys, 2.1% in girls). The prevalence of MES for obese adolescents was stated as 28.7% and as 6.8% for overweight adolescents [19] . Duncan, specifies in NHANES 1999 -2000 ) that the prevalence MES was elevated to 6.4% (boys: 9.1%, girls: 3.7%). Duncan observed a comparable prevalence of 32.1% in overweight adolescents, while 7.1% of those at risk of being overweight had MES. Also, the prevalence of MES in normal-weight adolescents was found to be less than 1% [20] . Studies conducted on prevalence of MES in obese children indicate varied numbers in European countries (in France 15.9%, in Italy 13.9%, in Spain 18%) [21] [22] [23] ]. Weiss's study, examining the correlation between obesity grades and the prevalence of MES, states a prevalence of 38.7% in moderate obese adolescents (VKI z score 2-2.5) and a prevalence of 49.7% in severely obese adolescents (VKI z score >2.5) [24] . In some studies, the highest rates of MES among overweight and obese children were observed in Turkey and the United States (around 40%) and the lowest rates in China, France and Italy (around 11.5%). In Europe, the prevalence of MES varies from 0.2% among 10 year olds in Estonia, Portugal, and Denmark [25] to 21% among 4-16 year olds in Germany in randomized controls [26] . In Turkey, Cizmecioğlu (2-18 age, n=131), Atabek (7-18 age, n=169) and Sen (n=352) found prevalences of 20%, 27.2% and 41.8%, respectively in their studies on obesity cases based on the WHO criteria [27, 28, 29] . Hatipoglu [9] observed MES at the rate of 4.7%. Bereket and Atay [30] found MES in 2.3% of Turkish schoolchildren aged between 10 19 years using the IDF criteria. This rate was 28% in obese children. And, another study found that the rate of MES was at 33% based on the IDF criteria [31] . New pathophysiological data imply that MS is a real disease and its prevalence is increasing worldwide [32] . Childhood obesity is increasing the likelihood of MES in children. We found metabolic syndrom at the rate of 6.3%, and the MES rate of obese children was 30.3% based on the IDF criteria. This finding is similar to other studies which demonstrated much higher prevalence rates of MES in children who were obese. Increasing prevalence of MS in children, indicates specific, genetic or environmental characteristics of the population. Culture, dietary behaviors and sport activity are known to vary significantly among the different regions of the country. We consider that these factors affect the prevalence of MES. The applicability of diagnostic criteria for MES in children should be questioned. This may account in part for the discrepancies in prevalence between different populations. This study has strengths and limitations. An important strength is that it provides additional data in Mardin schoolchildren relating to MES, which was previously lacking. The major limitations are the small blood sample size and an ongoing debate on the accuracy of diagnosing the MES in children younger than 10 years old. In conclusion, our results indicate that the prevalence of MES had higher rates of MES in obese children than in non-obese children. Further studies are needed with larger blood sample sizes, including measurements of hormones, and biomarkers are known to be involved in pathogenesis and identification of MES in Mardin school children. Complications and co-morbidities of obesity have also started to arise in pediatric population, a warning that efforts should focus on the prevention of obesity during childhood.
Obesity is a disease that needs to be taken seriously because of its associated conditions and necessary precautions must be taken against it in order to protect the health and well-being of the population. Children and their families must be taught to be aware of this disease and its consequences through the press and in schools. A simply measurement of WC may be useful in clinical practice as a means of determining a child or adolescent's response to weight control measures.
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